Abstract: Although the Ethiopian potato program has released more than 30 new varieties, selected primarily for yield potential and late blight tolerance, the majority of farmers still choose to grow older 'local varieties'. Cognizant of this, the current study aimed to identify traits that farmers consider most important when deciding which varieties to grow. The study was conducted at two sites in northwest Ethiopia, representing two major agroecological zones, in two distinct growing seasons, using a participatory variety selection approach. Diseasefree seed tubers of nine local and three new varieties were planted. Twenty-three traits were found to influence the varieties that farmers selected and seven of them differed between agroecological zones. Gender differences were also observed for three of the 23 traits at Laigaint (submoist cool agroecology). Of the 23 traits, 12 were considered very important in one or both of the agroecological zones as well as in at least one growing season. At present eight of these 12 traits are not given high priority by the Ethiopian potato variety selection program. The results show that farmers' selection criteria are very diverse, that no variety possesses all desirable characteristics, and that there is a need for selecting varieties adapted to different agroecologies and growing seasons. This study further suggests that taking farmer interests into account is important for a highly heterozygous, clonally-propagated crop like potato to be accepted by farmers.
Introduction
Potato is considered to be a food security crop in SubSaharan Africa, especially in rural areas, because it provides many calories and nutrients per unit of land and time. It can be grown in a wide range of agroecological conditions. Because of this, renewed interest has developed for the crop to help meet increasing food demands as well as to contribute to food security in SubSaharan Africa (Scott et al. 2013) . Potato production has increased rapidly in Africa in the last five decades (Labarta 2010) . The majority of the increase in production area and tonnage has been seen in East African countries such as Ethiopia, Rwanda, Tanzania and Uganda. Production area increased about six fold (from the 1970s to 2013) in Ethiopia (Kidane-Mariam 1979; CSA 2014) . However, average yield in Ethiopia is still low (9 tonne/ha), when compared to the world average (16.8 tonne/ha).
In Ethiopia average farm size is declining because of rising population. Farmers with small land holdings desperately need seeds of improved varieties, as well as improved management practices, to increase tuber yield. To help meet the needs of smallholder farmers, 29 new varieties selected from clones developed at CIP have been released for production in Ethiopia since 1987 (Ministry of Agriculture (MOA) 2015). These varieties were selected based on four major criteria -high yield potential, good late blight resistance, early maturity, and wide adaptation -and targeted the main rainy season (known as Meher), where late blight is the primary production constraint. As a result potato production has increased in areas such as Guraghe and West and North West Shewa, where production is now possible in Meher, primarily by growing the variety 'Gudene', which was released in 2006.
Although the new varieties are reported to have higher yields and are tolerant to late blight, the adoption of these varieties has been lower than expected in most potato growing areas of the country where new varieties have been disseminated (Abebe et al. 2013; Woldegiorgis 2013; Kolech et al. 2015a ). The acreage allocated to new varieties is in the range of 23% (Kolech et al. 2015a ) to 28.6% (Labarta et al. 2011) . Moreover, only a few of the new varieties have been widely adopted like 'Sisay' in northwest Ethiopia and 'Gudene' in various regions throughout the country (Kolech et al. 2015a) . The rest of the new varieties are grown only in small plots, and/or by a few farmers, or have been abandoned. Thus, most potato farmers in the major potato growing areas, and especially those who grow potatoes outside of the Meher season, depend on older 'local varieties' (Labarta et al. 2011; Emana and Nigussie 2011; Abebe et al. 2013; Kolech et al. 2015a) . Farmers prefer to grow local varieties over new ones because they have better quality attributes and are better suited to existing management practices (Abebe et al. 2013; Kolech et al. 2015b) . Local varieties are grown mainly in the dry seasons (Belg, Belmehr and Mesino), except in Shashemene and surrounding areas, where they are grown in Meher and Belg seasons. A description of each potato growing season can be found in Kolech et al. 2015b .
Several factors may account for the limited adoption of new varieties. First, breeders' selection criteria may not match the needs and preferences of growers. Small farmers consider multiple traits to satisfy their diverse needs. Vom Brocke et al. (2010) noted that farmers' selection traits are multivariate in nature. At present the major variety selection criteria of breeders in Ethiopia are limited to higher yield, late blight resistance, early maturity and wide adaptability to different agro-ecological zones. For a crop like potato, subjective traits such as culinary quality, color, storage quality and others also help determine the acceptance of a variety. These traits can be a challenge for breeders to meaningfully assess unless there is a close collaboration with farmers and social scientists (Almekinders and Elings 2001; Bellon 2002) . Second, wide agro-ecological variation due to differences in altitude, temperature, rainfall, soil type and ecological settings leads to the need of a wide range of varieties which may not be provided by the current breeding program (Cavatassi et al. 2011 ). Danial et al. (2007 have reported that high environmental variability in the Andean region leads to variability in farmer preferences and limits the success of breeding programs. Similarly Morris and Bellon (2004) showed that farmers' variety preferences not only differed between locations but also between seasons. The majority of Ethiopian farmers (more than 62%) (Central Statistical Authority (CSA) 2014) grow potato in the unreliable dry seasons (Belmehr, Belg and Mesino), while the breeding program has been targeting the Meher season, when rainfall is abundant. This is in line with the findings of Dorp and Bulkens (1993) that breeders often don't prioritize traits important for marginal environments. Third, poor dissemination and inadequate seed supplies of new varieties may also limit adoption of new varieties. Woldegiorgis (2013) reasoned that the poor adoption of new varieties was due to weak seed supply and extension service.
Understanding farmers' preferences across different agroecologies and growing seasons is an important first step for breeding programs who seek to develop acceptable varieties by farmers (Danial et al. 2007) . Ideally the breeding program should work directly with farmers (both genders) in variety selection, jointly evaluating new varieties along with farmers existing local varieties. Danial et al. (2007) , by involving both gender groups in a participatory approach, reported that in Andean cropping systems, breeders identified important selection criteria in marginal environments, some of which differed by gender. Capturing the concerns of both men and women is very important since potato production involves gender specific roles (International Potato Center (CIP) 2015). Danial et al. (2007) also noted that farmer participation helped breeders to understand the variability in farmers' variety preferences from location to location. Participatory Variety Selection (PVS) is a breeding approach that brings breeders, social scientists, farmers and extension personnel together in a field setting in order to prioritize and target traits of importance. It also helps to identify and assess traits that are important to small scale farmers and is especially successful in assessing "subjective traits" such as taste, aroma, appearance, texture, storage quality and other culinary qualities, which are difficult to measure quantitatively (Bellon 2002) . This is the first study in Ethiopia aimed at identifying traits that farmers consider most important when selecting potato varieties. The study focused on two agroecological zones and two major growing seasons (Meher and Belmehr) in northwest Ethiopia, where many farmers depend on potato as a food security crop. The study also compares farmers' and breeders' priorities in potato variety selection.
Materials and methods

Study sites and planting seasons
Based on information from a growers survey in 2012 (Kolech et al. 2015a) , two districts were selected in northwest Ethiopia (Laigaint and Yilmana) that represent distinct agroecologies with different degrees of food security and access to markets but which share similar farming systems. Laigaint (3100 m.asl) represents a submoist cool highlands agroecology, has poor access to markets, and experiences frequent crop failure due to drought, thus farmers often receive aid in the form of seed potatoes. The district of Yilmana (2800 m.asl) has a moist cool highlands agroecology, has good market access, and has adopted a new variety, 'Sisay'. The location of each district in Ethiopia are shown in Fig 1. Farmers in both districts normally grow potato in the Belmehr season (from March to August) while the national research recommendation is to grow in the Meher season (June to October) when rainfall is more dependable for potato production. The average rainfall distribution of the two potato growing seasons in both districts is shown in Fig  2. The experiments in Belmehr season were conducted on March 18 and April 1 2014, while the experiments in Meher season were established on June 11 and 12, 2014 at Laigaint and Yilmana, respectively. 
Varieties tested
Twelve potato varieties consisting of nine local varieties and three widely distributed new varieties were included in this study. The local varieties were collected from northwest and southern Ethiopia (which together represent more than 70% of the potato production in the country). Seeds were tested for major pathogens and multiplied in vitro prior to multiplication in the screen house and in the field. The varieties were selected to have diverse traits so breeders could better understand farmer perceptions. The new released varieties were selected from CIP-bred clones that had been released for production in Ethiopia. These new varieties were selected for this study because they are reported to have higher acreage than other new varieties in northwest Ethiopia (Kolech et al. 2015a ) and because they also represent diverse traits (yield potential, maturity, storability and utilization). Descriptions of both the local and new varieties are shown in Table 1 .
Design of the experiment and field management
A participatory Variety Selection (PVS) scheme adopted from the Africa Rice Center (Africa Rice Center, 2010) including a field experiment was conducted on farmer fields in each district. The design of the field experiment was established to facilitate data collection by breeders. Forty tubers of each variety were planted in plots (9 m 2 ) laid out in a randomized complete block design, with three replications in each district, in both Belmehr and Meher seasons. Both farmers and breeders participated in the management of the field trials. During the Belmehr season, oxen (farmers practice) were used at planting. For Meher season, planting was done by hand, in ridges, following current national research recommendations. A fungicide, Ridomil was sprayed at the rate of 4 kg/ha twice at Laigaint and once at Yilmana during the Meher season. 
Farmer's group selection, evaluation and data management
The participation of farmers was voluntary and village-based: all of the households in each village were invited. Farmers' research groups (FRGs) were organized in each village of each study district: at Laigaint, 17 women and 22 men, while at Yilmana, 7 women and 28 men joined the study. The mean age of the participants was 37 years old with a range of 25 to 70. Development agents and crop specialists were involved in assisting farmers during variety evaluation. The FRG members were separated in gender groups. The farmers in each group participated in planting, cultivation and harvesting. The groups evaluated the varieties at time of flowering, at harvest and after 3 months of storage following strategies described in the Technician's manual for participatory variety selection of rice (Africa Rice Center 2010). The harvested tubers of each variety were stored in farmer storages, following their normal practices, for three months in each district and then storage quality of the varieties was evaluated. At each stage of evaluation, farmers were asked to rate the best five and worst five varieties, giving reasons in each case. Traits that were mentioned as the reason why farmers liked or disliked varieties were recorded. Then, traits were organized into lists and farmers asked to rank these traits on a scale of 1 ("less important") to 3 ("very important").
The associations of traits and varieties were computed based on farmers' ratings and agronomic data collected from the field experiment. Traits identified as important by PVS were compared to current targets of the national potato variety selection program (Table  4) 
Data analysis
Descriptive statistics and frequencies were calculated to identify the highest ranking traits. Kruskal's rank test was computed by JMP software (SAS Institute, 2012, JMP PRO 10.0.2) for each location and gender group.
Results and Discussion
Farmers' potato variety selection criteria
Twenty-three traits that are important across two agroecologies, two growing seasons and two gender groups were recorded ( Table 2) . Fourteen of these traits are agronomic, six reflect biotic and abiotic stress tolerance, and three are related to utilization and marketability. Farmers are clearly considering many traits when choosing which potato variety to grow. This is consistent with several other studies, in other crops (maize and sorghum), which stressed that small farmers consider multiple traits for variety selection (Bellon 1996; Bellon 2002; Mulatu and Zelleke 2002; Danial et al. 2007) . It is also consistent with the observation that the majority of potato farmers (more than 70%) in Ethiopia grow more than one variety (Kolech et al. 2015a) , as one variety rarely meets all needs. Brush (1991) has also reported that farmers in the Andes grow a large number of potato varieties to deal with environmental variation and reduce risk.
Relative importance of the farmers' variety selection traits
Each farmer of each gender group in each agroecology rated the relative importance of the 23 traits using a 1 to 3 scale (1 = less important, 2 = somewhat important, 3 = very important). Eleven traits were considered "very important" by more than 70% of the farmers in one or both agroecologies. Three of the 11 were agronomic traits -high yield, long shelf life, and suitability for sequential harvesting. Five of the 11 were biotic and abiotic stress tolerance or resistance traits for drought tolerance, wind and hail damage, late blight, tuber spoilage, and ability to grow in soil with poor fertility (the latter for Laigaint only). All three traits related to utilization -suitability for boiling, stew, and market demand -were deemed "very important" by farmers. In addition, our agronomic data showed that a twelfth trait, early maturity, is an important trait for meher season production. (Kolech et al. 2015b ). Six traits (drought tolerance, late blight resistance, high yield, long shelf life, suitability for boiling, and suitability for stew) were considered "very important" by most farmers in both agroecologies. Adoption may be hindered for new varieties that lack any of these traits.
The remaining traits were either considered very important by only a few farmers or were related to other traits of importance. Among the 14 agronomic traits, only three were considered very important. Big leaves, large number of leaves, tall plants, large number of sprouts and high tuber number were all related to high yield. Long roots and stolons are related to suitability for sequential harvesting and for adaptation to low soil fertility. Thick stems and strong leaves are related to tolerance to wind and hail damage. Tuber size is related to high yield and good marketability. Although early maturity (and correlated early flowering) are important traits for breeders seeking to develop new varieties for Meher season production, close to 40% of the farmers did not consider the traits "very important" because they can adjust the varieties they grow each year depending on when the rain starts (Kolech et al. 2015b ). When there is early rainfall in the growing season, they plant late maturing varieties and vice versa.
Variation in agroecology and cropping seasons
Differences in agroecologies and cropping seasons lead to differences in farmers' variety choices for at least some traits (Table 2) . Among the abiotic and biotic stress tolerance traits, drought tolerance, adaptation to low soil fertility, and resistance to bird damage varied significantly among agroecological zones. Drought is more severe at Laigaint (sub-moist agroecology) than at Yilmana (moist agroecology) and unsurprisingly drought tolerance was more important at Laigaint. Similarly, adaptation to low soil fertility is considered more important at Laigaint, for two reasons. One, during the dry season, chemical fertilizers are not effective since plant roots cannot access the fertilizer; second, farmers in this agroecology are poor and cannot afford chemical fertilizers even during good seasons. In this study varieties with a long root system were associated with good adaptation to low soil fertility.
The importance of agronomic traits also varied between agroecologies ( Table 2 ). The importance of suitability for sequential harvesting varied significantly between agro ecological zones ( Table 2 ). This trait was considered more important at Laigaint than at Yilmana, which makes sense as varieties that provide food for a longer period of time are more important for farmers in Laigaint, where food insecurity is a major challenge. This trait is provided by varieties with a long root and stolon system. Although most farmers did not consider plant height to be an important trait, more farmers in Laigaint considered the trait important than in Yilmana. This may be because the widely grown local variety 'Abalo' in Laigaint is taller than 'Siquare', a widely grown local variety in Yilmana.
Just like agronomic and tolerance traits to some biotic and abiotic stresses, the relative importance of consumption and market related traits also differed between agroecologies (Kolech et al. 2015b and Table 2 ). Because farmers in Yilmana grow potato for both home consumption and the market, market related traits such as stew quality are more important in Yilmana than in Laigaint. Yilmana is located 40-50 km from Bahir Dar city (the regional potato marketing hub), so that farmers have good access to this market. The productivity of potato is better in Yilmana than in Laigaint due to better soil and rainfall, which helps to produce extra potatoes to sell in the market.
The importance of some traits also varied among cropping seasons. Tolerance traits for drought, wind and hail or heavy rainfall and late blight, early maturity and market demand (except in Yilmana) varied between cropping seasons. Although potatoes do not yield well in the Belmehr season, almost all farmers in both agroecologies grow the crop in this season. Reasons include late blight pressure during the main rainy season and the need to feed their families during the "hunger" months, July to August, when other crops cannot yet be harvested.
Drought (unreliable and erratic rainfall) is one of the most important limiting factors for potato production during the Belmehr season. Thus, most farmers rated drought tolerance as "very important". Similarly, because plant roots cannot access fertilizer when the soil is dry, farmers consider adaptation to poor soil fertility very important in the Belmehr season, especially in Laigaint. In Meher season, heavy rainfall and hail limits potato production, especially in Yilmana, while desiccating wind is a major challenge in Laigaint (Kolech et al. 2015b) . As a result, farmers in both districts considered traits that are helpful in tolerating rain, hail and wind, such as thick stems and strong leaves, important for variety selection.
Although late blight is a major limiting factor for both seasons (Table 2) , it is more devastating in the main rainy season than in Belmehr (Kolech et al. 2015b ). According to Bekele and Eshetu (2008) , farmers choose to grow potato in the undependable dry season because of severe late blight pressure in Meher season. Consistent with this, more than 90% of farmers considered late blight resistance to be a very important variety selection criteria (Kolech et al. 2015b) . Similarly, Fuglie (2007) reported that late blight was the most important biotic stress limiting potato productivity in developing countries.
Gender differences in variety selection
In the process of the field experiment to identify important traits at different crop growth stages, farmers were segregated into gender groups. In Yilmana, the evaluation between gender groups showed no significant differences at all; the selection criteria of men and women were the same. In Laigaint, in contrast, of the 23 traits rated, gender differences were observed for three of them: market demand, long roots and stolons, and adaptation to low soil fertility (Table 2) . Men were more concerned with market related traits and adaptation to low soil fertility while women attached more importance to the long root and stolon trait, which is related to suitability for sequential harvesting.
Farmers' variety preferences
The characteristics of the varieties evaluated during the PVS experiment are shown in Tables 1 and 3 . The availability of varieties with different suites of traits allows farmers to satisfy their multiple needs since it is impossible to find one variety that fulfils all of the characteristics farmers want (Mulatu and Zelleke 2002; Kolech et al. 2015a) . Since the crop in Ethiopia is subject to many types of production risks, such as variation in timing and quantity of rainfall, hail damage, frost and others, growing a diverse set of varieties can reduce the risk of crop failure (Lando and Mark 1994; Bellon 1996) . This is likely the reason why more than 70% of potato farmers grow more than one variety in Ethiopia (Kolech et al. 2015a) .
The tested varieties were compared for 12 very important traits (Table 3) . Of these varieties, all of the southern local varieties have short dormancy, which facilitates multiple crops per year, while most of the northwest varieties have long dormancy (long shelf life). All of the new varieties used as well as some of the local varieties are early maturing. All of the local varieties except 'Siquare' were susceptible to late blight while new varieties showed better resistance (Table 3) . Five of the nine local varieties are more suitable for consumption as boiled potatoes than the other local and new varieties tested. All of the late maturing local varieties are more suited to sequential harvesting than the early maturing ones.
'Abalo', a widely grown local variety, and 'Belete', a new variety, showed good performance for seven and six of 12 traits, respectively, in both agroecologies. Indeed, Abalo performed better than the other varieties for six of the 12 traits considered (Kolech et al. 2015b) . It has good adaptation to drought, long shelf life, is suitable for sequential harvesting, has good taste when boiled, is suitable for stew, and has relatively high tolerance to spoilage. In addition, Abalo received a good score for adaptation to low soil fertility in Laigaint, possibly because of its long roots. However, the market acceptance of this variety by traders is lower than Siquare and 'Nech Abeba' due to its unattractive shape and small tubers produced from Belmher (dry) season production. 'Belete' performed better than the other varieties for four of the 12 traits considered, specifically late blight resistance, good tolerance to wind and hail damage, high yield and higher market demand when sold as seed (Kolech et al. 2015b) . Moreover, it is an early maturing variety and is better adapted to Meher season production than the other varieties. 'Siquare', another local variety, is widely grown in northwest Ethiopia and performed well for six of the 12 traits considered important. It is also better than Abalo for late blight resistance, yield, early maturity and market demand.
Traits of importance revealed by Participatory Variety Selection (PVS) compared to current breeding targets of the national potato program
Farmers in the PVS experiment considered 12 traits to be very important for variety selection in one or both agorecologies as well as in at least one growing season. The national breeding program considers four traits very important (Late blight resistance, high yield, early maturity and wide adaptability) (Woldegiorgis 2013) . Based on the characteristics of the released varieties it is clear that the breeding program also considers lodging tolerance due to wind as an important trait and five traits to be somewhat important (Table 4) . One of the very important traits, "wide adaptation" was not mentioned as important by farmers in the PVS experiment.
The difference in the number of traits deemed important by PVS and the national program was partly due to a difference in target seasons. Our PVS experiment asked about both seasons while the current breeding program targets Meher season only. Nevertheless, even for Meher season, PVS identified six very important traits (taste as boiled potato, stew quality, market demand, long shelf life, tuber spoilage tolerance and drought tolerance) that are common to the major two agroecological zones but are not currently high priority traits for the national program. Moreover, two traits that were identified as important by PVS in Belmehr season (sequential harvesting and adapted to low fertility soil) received little attention from the national breeding program. Some of the new varieties fall apart when cooked and are not suitable for stew. Regarding storage quality, new varieties, except for Gudene and Sisay, don't fit well into farmers' storage practices (Kolech et al. 2015a, b) . The fact that new varieties are lacking traits important to farmers is in agreement with Thiele et al. (1997) ; Almekinders and Elings (2001) and Bellon (2002) who reported that some quality traits can be a challenge for breeders to meaningfully assess unless they collaborate closely with farmers. Our PVS experiment was structured to identify traits of importance in two different agroecologies. Because of this, PVS indicated the relative importance of diverse traits in different localities. At present the national breeding program does not seek to develop varieties for specific agroecologies, but instead works to develop potatoes that are widely adapted.
Conclusion
This study showed that farmers' variety selection criteria are diverse, reflecting their multiple needs. In addition to yield, early maturity and late blight resistance, Ethiopian farmers also highly value traits such as food value, long term storability, suitability for sequential harvesting, and resistance to abiotic stresses such as drought, wind, heavy rainfall and hail. Our study further indicated that some selection criteria differed between agro-ecological zones, cropping seasons, and genders. Drought tolerance, suitability for sequential harvesting, adaptation to low soil fertility and tolerance to bird damage were more important in Laigaint (sub-moist cool agroecology) than in Yilmana (moist cool agroecology). In Yilmana, which unlike Laigaint has good access to regional markets, marketability was rated much higher as farmers produce extra potatoes to sell in the regional food hub (Bahir Dar). Variety selection criteria also differs between cropping seasons. Drought tolerance, suitability for sequential harvesting and good adaptation to low fertility soil were more important for Belmehr production while late blight resistance, early maturity and tolerance to lodging and defoliation due to wind, heavy rainfall and hail are more important for Meher season production. The study also found gender differences in variety selection criteria, while the same for most traits, differed for a few. In Laigaint, women valued traits which ensured that food was available for a longer period of time, while market related traits and adaptation to low fertility soil were more important to men.
No single variety, of course, can meet all farmers' needs. Nevertheless, a Participatory Variety Selection approach made it clear that local varieties have unique and important traits not present in newer varieties, and that these traits have not yet received attention by the national potato breeding program. Use of the PVS approach with a diverse set of varieties helped us to capture as many farmer traits as possible
The following recommendations are suggested to improve future potato breeding in Ethiopia. In addition to high yield, early maturity and resistance to late blight (current breeding priorities), emphasis should also be placed on abiotic stress tolerance and quality traits such as storability and suitability for boiling and stew. Further, the varying needs resulting from differences between agroecological zones, cropping seasons and degree of market access should also be considered during variety selection. Similar research could also be undertaken productively in other agroecological zones and growing seasons of Ethiopia to better guide national potato breeding efforts.
